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Gene-modified cell vaccines are the best way to achieve the immunotherapy for all types of acute leukemia. In this study,
the recombinant eukaryotic expression vector (pDisplay-HSP70) of heat shock protein 70 (HSP70) of Bacille Calmette-
Guérin (BCG) was constructed by amplifying the whole BCG HSP70 gene using polymerase chain reaction (PCR) and sub-
cloning into the polyclone endonuclease sites in pDisplay. Then the HL-60 cell vaccine expressing the protein onto the
cell surface was prepared by lipofectamine transfection and its anti-tumor effect and mechanism were further studied.
Results showed that the fragment of BCG HSP70 was consistent with Mycobacterium tuberculosis HSP70 gene published
in GeneBank. DNA sequencing showed that the recombinant vector was correctly constructed and named pDisplay-
HSP70. After BCG HSP70 gene transfection, the yellow-green fluorescence on the HL-60 cells surface was observed under
a fluorescence microscope. The immunogenicity of HSP70-transfected HL-60 cells exhibited upregulated proliferation
of lymphocytes, increased cytokine secretion (IFN-y) and enhanced killing activity. These results suggested that gene
transfection of BCG HSP70 could significantly enhance the immunogenicity of HL-60 cells. It may be used as a suitable
candidate gene-modified cell vaccine for cancerimmunotherapy.

Introduction

Childhood leukemia is a curable disease, and combination che-
motherapy can make long-term complete remission (CR) rate of
70—80%.! But there are still about 30% of the children died of
leukemia relapse.? Minimal residual disease (MRD) of leukemia
is the main cause of leukemia relapse and the major obstacle to
cure leukemia. Its clearance, chemotherapy alone does not work,
but need to rely on immune function.? Meanwhile, since the exis-
tence of individual differences, gene-modified cell vaccines are
the best way to achieve the immunotherapy for all types of acute
leukemia.

Our previous study has showed that Bacille Calmette-Guérin
(BCG) and inactivated BCG could significantly improve the
immune function of children with acute leukemia.® However,
serious adverse reactions hinder the clinical application of the
BCG; and due to strain variation in the process of passage and
attenuation, the immune effects become unstable. BCG heat
shock protein70 (BCG HSP70), which is the major antigenic
component of BCG,’ has a characteristic of immunodominant
antigen and can be used as an adjuvant to stimulate a strong
immune response against tumor antigens, without the need for
additional adjuvant.® At present, the basic study on anti-tumor
effect of BCG HSP70 mainly included the anti-tumor effect

*Correspondence to: Li-Rong Sun; Email: sunlr@vip.sina.com
Submitted: 04/27/12; Revised: 06/25/12; Accepted: 07/01/12
http://dx.doi.org/10.4161/hv.21321

1376 Human Vaccines & Immunotherapeutics

of dendritic cells induced by BCG HSP70 protein in vivo; and
the major role on the solid tumors, such as melanoma,” liver

cancer,® hepatoblastoma,’ colorectal cancer'

and glioblastoma
etc.!! There is no related research on leukemia. So, in this study,
the recombinant eukaryotic expression vector of BCG HSP70
was constructed, and the HL-60 (standard acute promyelocytic
cell line) cells vaccine expressing the protein onto the cell sur-
face was prepared after gene transfection, so as to study its anti-

tumor effect and mechanism.
Results

Vector construction. As demonstrated in Figure 1, an approxi-
mate 1880bp fragment, obtained from genomic DNA of standard
strains H37Rv by PCR amplification, and showed on the agarose
gel electrophoresis, was consistent with Mycobacterium tubercu-
losis HSP70 gene released by GeneBank. Then the HSP70 was
sub-cloned into the polyclone endonuclease sites in the expressing
vector pDisplay. The two ways, restriction endonuclease diges-
tion and PCR amplification, were used to identify thac HSP70
gene was sub-cloned into the polyclone endonuclease sites in
pDisplay. As demonstrated in Figure 2, when the recombinant
product was digested by restriction endonuclease BglIl and Smal
respectively, the 1% agarose gel electrophoresis showed that two
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Figure 1. Agarose gel electrophoresis of PCR product. Lane 1: PCR prod-
uct of HSP70; Lane 2: DNA marker (DL2000). The whole BCG HSP70 gene
was amplified by using PCR and an approximate 1880bp fragment was
consistent with Mycobacterium tuberculosis HSP70 gene released by
GeneBank.
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Figure 2. Identification of recombinant plasmid pDisplay-HSP70. Lane
1: DNA marker (DL2000); Lane 2: PCR product of HSP70; Lane 3: plasmid
pDisplay digested with Bglll and Smal; Lane 4: HSP70 digested with
Bglll and Smal; Lane 5: recombinant plasmid pDisplay-HSP70 digested
with Bglll and Smal; Lane 6: PCR product from recombinant plasmid
pDisplay-HSP70; Lane 7: DNA marker (DL15000). The two ways, restric-
tion endonuclease digestion and PCR amplification, were used to iden-
tify that HSP70 gene was sub-cloned into the polyclone endonuclease
sites in pDisplay.

fragments (Lane 5), approximate 1880bp and 5300 bp, were con-
sistent with the theoretical value of HSP70 (1878bp) and vector
pDisplay (5300bp) (Lane 4 and Lane 3). The recombinant prod-
uct being as a template, an approximate 1880bp fragment was
obtained by PCR amplification (Lane 6). Then DNA sequencing
showed that the recombinant vector was correctly constructed
and named pDisplay-HSP70.
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Gene transfection. As demonstrated in Figure 3, after being
stained with DAPI and then labeled with heat shock protein
70 mAb and FITC conjugated goat anti-mouse IgG, the yel-
low-green fluorescence on the HL-60 cells surface was clearly
observed on the basis of the nucleus stained blue under a fluores-
cence microscope with the appropriate band excitation. It showed
that HSP70 was successfully transfected into HL-60 cells and
expressed on the cells surface.

Detection of the immunogenicity. Lymphocyte prolifera-
tion, cytokines secretion and cytotoxicity assay were measured to
detect the immunogenicity of leukemia cells after gene transfec-
tion of BCG HSP70.

1. T-cell proliferation. The HL-60 cells of different groups
were cultured with the peripheral blood T cells at the radio of
1:10 for 72h. The proliferation indices of T cells were assayed
by CFSE-staining method. The positive rates of the HL60-wt
group, HL60-pDisplay group and HL60-HSP70 group were
(17.42 + 0.41)%, (17.49 + 0.67)% and (30.58 + 1.68)%, respec-
tively. It showed that HSP70-transfected HL-60 cells stimulated
the most significant T cell proliferation, compared with that of
the HL60-wt group and HL60-pDisplay group (Table 15 Figure
4).

2. Cytokine level. The culture supernatants were collected at
24h, 48h and 72h respectively, and the cytokine concentrations
(IFN-y) were detected by ELISA kits according to the instruc-
tions. As demonstrated in Table 2 and Figure 5, consistent with
the T cells proliferation by CFSE-staining, the highest cytokine
level (IFN-vy) was stimulated to secret in the group of HSP70-
transfected HL-60 cells. And with the increase of time, the level
of IFN-vy was rising.

3. Cytotoxicity assay. Cytotoxicity assay was measured by
LDH release method according to the instruction. As shown in
Table 3 and Figure 6, when the ratio of E: t = 10:1, the killing
activity of the HL60-HSP70 group was (14.11 + 7.48)%), which
is higher than that of the HL60-wt group and HL60-pDisplay
group; Similarly, at the different ratio of E:t = 20:1, 40:1, 80:1,
the inhibiting activity of CTLs on HL-60 cells in the group of
HSP70-transfected HL-60 cells was more significant, in com-
parison to that of wild-type HL-60 cells and pDisplay—trans-
fected ones. And with the increase of the ratio from 10:1 to 80:1,
the inhibiting activity of CTL in the HSP70-HLG60 group was
rising. It showed that gene transfection of BCG HSP70 could
significantly enhance the killing activity.

From the aspects of the lymphocyte proliferation, cytokines
secretion and cytotoxicity assay, it all indicated that gene trans-
fection of BCG HSP70 significantly enhanced the immunoge-
nicity of HL-60 cells.

Discussion

Immunotherapy is the most promising way to cure the chil-
dren with acute leukemia, especially has an important in the
clearance of MRD and relapse prevention. In addition, immu-
notherapy has the function of non-specific stimulating bone
marrow, by promoting the proliferation of normal stem cells, so
that the body can tolerate higher doses of chemotherapy and is
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less prone to bone marrow failure.’? Because leukemia cells lack
the necessary components of stimulating the immune response,
and host T cells cannot effectively recognize and kill them, so
immune escape occurs. Also, because of immune dysfunction,
and reduced immune surveillance and immune clearance of leu-
kemia cells, leukemia cells show the uncontrolled proliferation
of malignant clones.”*' Therefore, how to better stimulate the
anti-tumor immunity and improve immune function becomes a
research hotspot.

BCG HSP70, which is the major antigenic component of
BCG, has a characteristic of immunodominant antigen and can
induce and enhance the cellular immunity and humoral immu-
nity.” Studies have shown that proteins of HSP70 family can
enhance tumor cells to processing and presentation of tumor
antigen, increase the levels of MHC-I molecules and activate
directly tumor-specific T-cell response; Moreover, HSP70 itself
has a strong immunogenicity and can be an adjuvant, without the
need for additional adjuvant; Furthermore, HSP used in whole-
cell vaccine has a unique advantage, that is, without identifica-
tion and separation of tumor antigen, from the impact of tumor
antigenic modulation, and breaking the tumor tolerance and
avoiding the problem of tumor immune escape.'*'8

From the classical immunological point, the target cells
of immune destruction are tumor cells. Because of its possible
tumor antigens, the use of tumor cells as a vaccine is the best
choice.”” Meanwhile, from the fundamental solution to the poor
immunogenicity of leukemia cells themselves, which cannot pro-
duce anti-self-induced tumor-specific cellular immune response,
and the existence of individual differences, gene-modified cell
vaccines are the best way to achieve the immunotherapy for all
types of acute leukemia. Therefore, in our study, the recombinant
eukaryotic expression vector of BCG HSP70, which was named
pDisplay-HSP70, was successfully constructed. And the HL-60
cells vaccine expressing the protein onto its surface was also suc-
cessfully prepared.

Immunogenicity of leukemia cells is measured mainly by
the lymphocyte proliferation, cytokines secretion and killing
activity of cytotoxic T lymphocyte (CTL). At present, the lym-
phocyte proliferation after mixed lymphocyte culture has been
detected by MTT assay and radioisotope method, but MTT
assay is so rough that affect statistical results and there are hid-
den dangers in radioisotope method, so a more advanced CFSE
(Carboxyfluorescein Succinimidyl ester) fluorescent dye method
with flow cytometry was used in our study.?>?' CFSE showed
that the BCG HSP70 gene transfected HL-60 cells significantly
enhanced lymphocyte proliferation.

IFN-vy can promote ThO cells to differentiate into Thl cells,
and promote the maturation and activity of CTL.?? Our experi-
mental results showed that the BCG HSP70 gene transfected
HL-60 cells significantly increased the secretion of IFN-vy.

In addition, lactate dehydrogenase (LDH) release assay have
been used to measure killing activity of NK cells/ CTLs.?>* The
results in our study, which showed that the killing rate of CTL
in the group of HSP70-transfected HL-60 cells was significantly
higher than that of the wild-type HL-60 cells and pDisplay—
transfected ones, suggested that BCG HSP70 gene transfection
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Figure 3. Fluorescene microscopy of HL60-HSP70 cells after staining
with heat shock pritein 70 mAb and secondary Ab conjugated with
FITC. The yellow-green fluorescence on the HL-60 cells surface was
observed on the basis of the nucleus stained blue and it showed that
HSP70 was successfully transfected into HL-60 cells surface.

Table 1. Comparison of the positive rate of CFSE in different groups( x
+5).

Group CFSE(+) (%) F

HL60-wt 17.42 + 0.41 15.84
HL60-pDisplay 17.49 + 0.67A
HL60-HSP70 30.58 + 1.681

The HL-60 cells of different groups were co-cultured with peripheral
blood T cells at the radio of 1:10 for 72h. fp < 0.05, compared with the
HL60-wt group and HL60-pDisplay group; Ap > 0.05, compared with the
HL60-wt group.

could significantly enhance the killing activity of CTL on leuke-
mia cells.

Based on those experiments in vitro, the eukaryotic expres-
sion vector of BCG HSP70 was successfully constructed and
transfected into HL-60 cells surface. Moreover, gene transfec-
tion of BCG HSP70 significantly enhanced the immunogenic-
ity of HL-60 cells. Thus, the immunological researches of BCG
HSP70 gene-modified cells vaccine provide an experimental basis
for the realization of individual and specific immunotherapy for
all types of acute leukemia.

Materials and Methods

Reagents and cell cultures. Product of E.Z.N.A.® Endo-
Free Plasmid Kit (Catalog#: D6926-01) was purchased from
OMEGA. Restriction endonuclease BglIl (Catalog#: D1021A)
and Smal (Catalog#: R0141) was purchased from New England
Biolabs (NEB). LA tag enzyme (Catalog#: DRRO02AG), T4
DNA ligase (Catalog#: D2011A) and E.coli Competent Cells
DH5a (Catalog#: D9057) were purchased from TaKaRa.
pDisplay vector (Catalog#: V660-20), Lipofectamine 2000
(Catalog#: 11668-019), and Carboxy-fluorescein in diacetate
succinimidyl ester (CFSE) (Catalog#: C34544) were purchased
from Invitrogen. Heat shock protein 70 mAb (mouse) (Catalog#:
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Figure 4. T cell proliferation. Purified T cells were co-cultured with the mitomycin C-treated different HL-60 cells at the radio of 10:1 for 72h. HSP70-trans-
fected HL-60 cells stimulated the most significant T cell proliferation, compared with that of the HL60-wt group and HL60-pDisplay group. p < 0.05.

ABIN457460) and Fluorescein isothiocyanate (FITC) conju-
gated goat anti-mouse IgG (Catalog#:ABIN299978) were pur-
chased from Cambridge bioscience (GmbH). The ELISA kit for
detecting IFN-y (Catalog#: BMS228TEN) was purchased from
Jingmei Biotech. The LDH release kit (Catalog#: GMS50006)
was purchased from Genmed Scientifics USA.

HL-60 cells were obtained from the American Type Culture
Collection (ATCC) and cultured in IMDM medium with 10%
fetal bovine serum (FBS) at 37°C in a fully humidified atmo-
sphere with 5%CO,. Half of fresh medium were replaced every
other day.

Construction of the recombinant eukaryotic expression
vector of BCG HSP70. The whole gene encoding BCG HSP70
was obtained from genomic DNA of standard strains H37Rv
(ATCC, NC_000962) by PCR amplification, using the for-
ward primer 5- GAA GAT CTA TGG CTC GTG CGG TCG
GGAT -3' (underline: BgllI site) and the reverse primer 5'- TCC
CCC GGG TGATTT CCG TCC GTC ACT TG -3' (under-
line: Smal site). Then the HSP70, digested by restriction endo-
nuclease BglIl and Smal respectively, was sub-cloned into the
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polyclone endonuclease sites in the expressing vector pDisplay
by T4 DNA ligase. The recombinant product was transformed
into DH5a competent cells from E.coli and the positive clones
were picked out to amplify further. DNA was extracted and con-
taminated endotoxin preparation was removed by E.Z.N.A. ®
Endo-Free Plasmid Mini Kit, of which endotoxin level was con-
trolled less than 0.1EU/pg. The two ways, restriction endonucle-
ase digestion and PCR amplification, were used to identify the
recombinant product. Through the sequencing of genome fur-
ther verified, and it’s named pDisplay-HSP70. Finally, the posi-
tive clones which were identified on the master plate were picked
out to expand culture, and DNA was extracted by E.Z.N.A. ®
Endo-Free Plasmid Maxi Kit.

Gene transfection. The recombinant eukaryotic expres-
sion vector pDisplay-HSP70 was transfected into HL-60 cells
by using lipofectamine 2000 according to the instruction. 24h
after transfection, the total cells were collected, added heat shock
protein 70 mAb and incubated at 4°C overnight. The cells were
washed twice by phosphate-buffered saline (PBS, 0.01M) and

fixed in cold acetone at room temperature for 5-10min. Then
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the cells were washed twice again by PBS and FITC conjugated
goat anti-mouse IgG were incubated at 4°C for 1h. Removal of
the secondary antibody, the DAPI staining solution was added
and incubated for 15min. The washed cells were detected by fluo-
rescence microscope with .the appropriate band excitation.

Detection of the immunogenicity of HL-60 cells expressing
HSP70. The test groups were divided into three subgroups, wild-
type HL-60 cells (HL60-wt), pDisplay cells (HL60-pDisplay),
and HSP70 cells (HL60-HSP70) respectively.

Peripheral blood mononuclear cells (PBMC) were collected
from children with acute promyelocytic leukemia by density gra-
dient separation in Ficoll-Hypaque and cultured with 10% FBS
of RPMI 1640 at 37°C in a fully humidified atmosphere with
5%CO,. After culturing for 3h, suspension cells were collected
and separated by nylon wool column to obtain T lymphocytes.
Ten samples were obtained with written, informed consent from
their parents, which were approved by the Ethics Committee of
Human Experimentation in China.

1. T cell proliferation. The HL-60 cells of different groups were
cultured with the peripheral blood T cells at the radio of 1:10 in
the 96-well culture plates at a final volume of 200l RPMI 1640
with 10% FBS at 37°Cand 5%CO, for 72h. The proliferation
indices of T cells were assayed by CFSE-staining method.?*
According to the formula, the T cells were resuspended at a final
concentration of 1 x 10%/ml. Then the equal volume of CFSE
(5uM) was added and incubated at 37°C for 10min. The staining
was quenched by the addition of 5 volumes of ice-cold culture
media to the cells and incubated 5min on ice. Then the cells
were washed and resuspended in fresh media for a total of three
times. The fluorescence intensity of CFSE was measured using
flow cytometry with a 488nm excitation.

2. Cytokine production. The HL-60 cells of different groups
were cultured with T cells at the radio of 1:10 at 37°Cand
5%CO,. The culture supernatants were collected at 24h, 48h
and 72h, and then kept frozen at -80°C. The cytokine concen-
trations (IFN-vy) were detected by ELISA kits according to the
instructions.

3. Cytotoxicity Assay. In the 96-well culture plates at a final
volume of 200l RPMI 1640 with 10% FBS, the T cells were
co-cultured with the HL-60 cells of different groups at the radio
of 10:1, added with IL-2 (20ng/ml), at 37°C and 5%CO, for 6d
to obtain cytotoxic T lymphocytes, which were used as effec-
tor cells, and continued to co-culture with the wild-type HL-60
cells, which was regarded as target cells, (at the different ratio
of E: t = 10:1, 20:1, 40:1, 80:1), for another 12h. Cytotoxicity
assay was measured by LDH release method according to the
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Table 2. The contents of IFN-y by ELISA ( x +5) (pg/ml)

IFN-y F1

Grou
P 24h 48h 72h F2

HL60-wt 69.78 + 2,91 78.18 + 3.88 100.23 + 3.55 50.45 57.13
HL60-pDisplay 67.94 + 3.62A 80.92 + 3.21A 102.68 + 3.23A
HL60-HSP70 90.53 + 2.98' 104.25 + 3.72% 146.01 + 2.98*

Purified T cells were co-cultured with HL60-wt, HL60-pDisplay and
HL60-HSP70 cells at the radio of 1:10. Cytokine production of IFN-y from
T cells was measured by ELISA. fp < 0.05, compared with the HL60-wt
group and HL60-pDisplay group; Ap > 0.05, compared with the HL60-wt
group; *p < 0.05, compared among 24h, 48h and 72h.
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Figure 5. Regulation of T cells function (IFN-v). Purified T cells were
co-cultured with HL60-wt, HL60-pDisplay and HL60-HSP70 cells at the
radio of 10:1. Cytokine production of IFN-y from T cells was measured
by ELISA. The highest cytokine level (IFN-y) was stimulated to secret in
the group of HSP70-transfected HL-60 cells. And with the increase of
time, the level of IFN-y was rising. p < 0.05.

instruction. The optical density (OD) of 490nm was measured
by microplate reader.
Killing activity (%) =[(experimental group OD-natural release
OD) /(maximum release OD-natural release OD)] x100%
Statistical analysis. The results were expressed as mean + S.
The different groups were compared by Analysis of Variance
(ANOVA) and p < 0.05 is considered statistically significant.
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Table 3. Cytotoxicity assay by LDH release method( ;c +5) (%)
E:T
A (10:1) B (20:1) C (40:1) D (80:1)
HL60-wt 4.75 £ 3.98 749 =+ 5.11 14.52 + 11.38 37.36 + 15.76 12.81 15.37
HL60-pDisplay 4.59 + 4.371 7.43 + 6.46' 15.22 + 14.68" 38.25 + 19.24"
HL60-HSP70 14.11 + 7.48% 37.99 + 13.11% 58.73 + 21.11*° 76.34 + 22.94%

Group F1F2

Purified T cells were co-cultured with different HL-60 cells to harvest cytotoxic T cells. Wild-type
HL-60 cells were added at the different ratio of 10:1, 20:1, 40:1 and 80:1. 'p > 0.05, compared with
HL60-wt group; *p < 0.05, compared with HL60-wt group and HL60-pDisplay group; °p < 0.05,
compared among 10:1, 20:1, 40:1 and 80:1
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Figure 6. The inhibiting activity on HL60 cells by CTL cells (at the different ratio of E:t =.A (10:1),
B (20:1), C (40:1), D (80:1)). The inhibiting activity of CTLs on HL-60 cells in the group of HSP70-
transfected HL-60 cells was more significant, in comparison to that of wild-type HL-60 cells and
pDisplay-transfected ones. And with the increase of the ratio from 10:1 to 80:1, the inhibiting
activity of CTL in the HSP70-HL60 group was rising. p < 0.05.
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